The genus Markiana was until recently recognized as incertae sedis in the family Characidae, even though alternative placements for this genus have been advanced since its original description. More recently, it was hypothesized that Markiana nigripinnis is part of a clade informally named the Astyanax clade, indicating the putative close relationship of Markiana with the genus Astyanax. Examination of sperm ultrastructure of representatives of Astyanax and M. nigripinnis shows no evidence for this hypothesized close relationship. Rather, the spermatozoa of M. nigripinnis share characters found in spermatozoa of the non-inseminating members of the subfamily Stevardiinae, such as an angle of nuclear rotation equal to 85º resulting in a lateral position of the double nuclear fossa and flagellum. As with the non-inseminating Stevardiinae, sperm nuclei are also slightly elongate toward the flagellum, the proximal centriole is partially inside the nuclear fossa and anterior and oblique to the distal centriole, and the midpiece is short and strongly asymmetric. Additionally, M. nigripinnis shares with the other members of the Stevardiinae the presence of only four teeth in the inner row of the premaxillary and a short triangular ectopterygoid, which is never more than twice the length of the palatine.
Introduction
The characid genus Markiana, was originally proposed by Eigenmann (1903) , for the previously described Tetragonopterus nigripinnis Perugia, 1891, based mainly on the presence of premaxillary teeth set in two series, a complete lateral line, and crenate scales which are very regularly arranged and gradually decreasing in size from the lateral line to the ventral margin of the body. With only two known species, this genus has a disjunctive geographic distribution, with M. nigripinnis ( Fig. 1 ) confined to the rio da Prata basin plus the rio Mamoré, and M. geayi restricted to the río Orinoco system (Lima et al., 2003) . The genus Markiana was until recently considered as incertae sedis in the Characidae, although various hypotheses as to the relationships of Markiana have been proposed since its description. Hypotheses based on exhaustive examination of characters using phylogenetic methodology that include the genus Markiana are largely limited to unpublished Ph.D. theses (Lucena, 1993; Benine, 2004; Moreira, 2007) . Mirande (2010) Examination of the overall morphology of the spermatozoa of M. nigripinnis revealed similarities with the morphological pattern of the spermatozoa of the noninseminating members of Stevardiinae (Baicere-Silva et al., 2011) . For an effective comparison, we accordingly describe the ultrastructural features of the spermatozoa of M. nigripinnis and present a discussion on its phylogenetic relationship.
Material and Methods
The material examined in this study is deposited in the Laboratório de Biologia e Genética de Peixes do Departamento de Morfologia da Universidade Estadual Paulista "Júlio de Mesquita Filho" (LBP), Botucatu, and in the fish collection of the Museu de Zoologia da Universidade de São Paulo (MZUSP), São Paulo.
Scanning Electron Microscopy (SEM)
Cleared and stained (c&s) specimens of Markiana nigripinnis were prepared following the method of Taylor & van Dyke (1985) . The premaxillary bones of the specimens were excised and prepared for observations in SEM. The material was washed in 70% alcohol, post-fixed in the dark for one hour in 0.5% osmium tetroxide in 0.1 M Sorensen phosphate buffer, dehydrated in graded ethanol series to 100% ethanol, and critical point dried with liquid CO 2 . The bones were mounted on specimen stubs with colloidal silver and sputter-coated with approximately 20 nm of goldpalladium. Electron micrographs were obtained using a FEI Quanta 200 Scanning Electron Microscope.
Transmission Electron Microscopy (TEM)
Adult males of Markiana nigripinnis (LBP 4935) were anesthetized with 0.1% benzocaine and killed (according to approved institutional protocols) for the removal of testis. Gonad fragments from newly sacrificed fish were fixed overnight in 2% glutaraldehyde and 4% paraformaldehyde in 0.1 M Sorensen phosphate buffer, pH 7.4. The material was post-fixed in the dark for two hours in 1% osmium tetroxide in the same buffer, stained in block with aqueous solution of 5% uranyl acetate for two hours, dehydrated in acetone, embedded in araldite, and sectioned and stained with a saturated solution of uranyl acetate in 50% ethanol and lead citrate. Electron micrographs were obtained using a Phillips -CM 100 Transmission Electron Microscope. 
Results

Spermiogenesis (Fig. 2A-D)
In the early spermatids of Markiana nigripinnis the cytoplasm symmetrically encircles the nucleus, which displays diffuse homogenous chromatin, and has a circular outline. The centriolar complex lies medial to the nucleus and is anchored to the plasma membrane ( Fig. 2A) . The proximal centriole is anteriorly and obliquely positioned relative to the distal centriole. The distal centriole is differentiated into the basal body and forms the flagellum ( Fig. 2A) . In the nucleus, chromatin starts to condense. A shallow double depression, the nuclear fossa, is formed in the nuclear outline at the level of the centriolar complex. The nucleus rotates approximately 85 degrees toward the flagellar axis (Fig. 2B) . Consequently, the nuclear fossa, the centriolar complex and also the flagellum lie in a lateral position relative to base of the nucleus. Along with nuclear rotation, the cytoplasm is also shifted towards the flagellar axis giving rise to the midpiece (Fig. 2C) . Since the distal centriole is anchored to the plasma membrane, when the cytoplasm shifts toward the flagellar axis it encircles the initial segment of the flagellum which forms the cytoplasmic canal. Most of the cytoplasm concentrates at the base of the nucleus, which is now strongly eccentric relative to the flagellar axis, making the midpiece asymmetric. The midpiece contains elongate mitochondria and vesicles. The progressive condensation of chromatin continues resulting in a highly condensed, granular pattern (Fig. 2D) . Fig. 3A-L) In the spermatozoa of Markiana nigripinnis, the nucleus is ovoid with maximum dimensions ranging up to 1.8 m in the longitudinal axis and 1.38 m in the transversal axis. The nucleus contains highly condensed granular chromatin and is surrounded by a narrow strip of cytoplasm without organelles (Fig. 3A) . The nuclear outline has a shallow, lateral double nuclear fossa. Only the anterior portion of the proximal centriole is partially inside the nuclear fossa, and only the lateral section of the distal centriole is partially inside the nuclear fossa. Each of the centrioles is fastened to the nuclear envelope and to each other by stabilization fibrils. The distal centriole is also fastened to the plasma membrane. The proximal centriole is situated anteriorly and has an oblique angle relative to the distal centriole (Fig.  3A) . The distal centriole differentiates into the basal body and gives rise to the flagellum. Because the nuclear fossa is laterally situated, the flagellum is also lateral (Fig. 3A-H) . The midpiece (of approximately 1.5 m length) is strongly asymmetric, contains a cytoplasmic canal, an endomembrane system, and several elongate and ramified mitochondria (Fig.  3I-K) . The mitochondria have a basolateral distribution and are mainly positioned next to the nucleus. The endomembrane system is composed on many vesicles with alveolar aspect. In cross section, vesicles are small, elongate and connected both with one another and to the plasma membrane (Fig. 3B) . The flagellum contains a classic axoneme (9+2) and lacks lateral fins (Fig. 3L) .
Sperm (
Discussion
According to Mirande (2010) , Markiana nigripinnis shares with all examined species of Astyanax (except A. latens and A. paris), Hyphessobrycon anisitsi and Psellogrammus kennedyi, the non-exclusive synapomorphic condition of complete absence or presence of a single maxillary tooth, which is the only supportive character for the Astyanax clade. Notwithstanding the hypothesized close relationship between Markiana and species of Astyanax, the type of spermiogenesis and, consequently, the sperm morphology of M. nigripinnis, are markedly different from those observed not only in Astyanax fasciatus, but most species of Tetragonopterinae sensu Géry (1977, e.g (BaicereSilva et al., 2011) . Thus, M. nigripinnis also shares similar sperm morphology with these taxa, with the exception of features of mitochondria and vesicles. Nonetheless, the morphology of mitochondria and vesicles observed in M. nigripinnis is the same as that observed in Monotocheirodon (John R. Burns, pers. commun.) another member of the so-called Clade A (=Stevardinae, sensu Mirande, 2009 Mirande, , 2010 of Malabarba & Weitzman (2003) .
In terms of gross morphology, Markiana nigripinnis has only four teeth in the inner row of the premaxilla (Fig. 4) , one of the synapomorphies for Clade A as proposed by Malabarba & Weitzman (2003) . It is worth noting that Markiana also has a short and triangular ectopterygoid, which never exceeds twice the length of the palatine (Fig.  5) . That condition was previously reported as a synapomophy for a clade formed by Bryconamericus exodon, Knodus moenkhausii, Creagrutus varii, and Piabina argentea, all members of the subfamily Stevardiinae (Benine, 2004) . In addition, Mirande (2010) discussed that although a close relationship between Bryconamericus scleroparius and Markiana nigripinnis is not supported in his hypothesis, these species also share the absence of an ossified rhinosphenoid, an overlap of the horizontal arm of the preopercle by the third infraorbital, and the presence of two uroneurals. It is noteworthy that these characters, along with the presence of only four teeth in the inner row of the premaxillar determined that these two species form a monophyletic clade in the analyses performed under selfweighted optimization both in Mirande (2009: fig. 4 ) and in several analyses performed by Mirande (2010) .
Thus, the pattern of spermiogenesis, sperm morphology, and the discussed osteological features, all point to a close relationship between Markiana nigripinnis and members of the clade Stevardiinae. 
